Introduction
The preovulatory follicles of the mature domestic birds are arranged in a distinct hierarchical order in the ovary. Presumably all preovulatory follicles are exposed to a daily surge of luteinizing hormone (LH), but only the largest follicle (F1) ovulates each day. This has been explained by the ability of progesterone synthesis of F1 in response to LH. In fact, progesterone contents in the follicle wall of F1, but not of the second largest (F2) or the third largest (F3) follicle, increased concomitantly with the raise of serum LH1,2). Even though the concentrations of LH were not significantly different among venous plasma of various sizes of follicles, only the venous plasma of F1 exhibited the preovulatory peak of progesterone3). The ovulation was blocked by an injection of a steroid synthesis inhibitor, aminoglutethimide phosphate, and it could be overcome by an injection of progesterone4). All of these observations support the idea that progesterone synthesis in the follicle wall of F1 after LH surge is associated with the ovulation.
From the in vitro incubation studies, the cellular source of progesterone in chicken follicles has been shown to be the granulosa cells5). However, progesterone was synthesized not only by the granulosa cells of F1 but also by those of smaller follicles when LH was added to the incubation medium5, 6, 7) . No systematic experiments have yet been done which allow one to explain the discrepancy between in vivo and in vitro studies. Therefore, the present study was conducted to elucidate the role of the granulosa cells and the theca cells isolated from various sizes of follicles for progesterone sythesis in the quail ovary.
Materials and Methods

Animals
Laying Japanese quail (Coturnix coturnix japonica), 9 to 18 weeks of age, were used in the experiments. The birds, caged individually, were provided with food and water ad libitum. The lighting schedule was 14L: 1D with lights on at 0500. Time of oviposition of all birds was checked daily at 0.5-hr intervals. The time of ovulation was predicted based on the time of oviposition of the previously ovulated follicle which usually occurred 15 to 30 min prior to the next ovulation8). 
Results
In order to investigate effects of LH and dibutyryl cyclic AMP on in vitro progesterone synthesis in quail follicles, the follicle walls of F1, F2, and F3 were incubated with or without LH or dibutyryl cyclic AMP for 3hr. were incubated with progesterone (100ng/ml) in the presence of NADPH, more than 90% of progesterone was metabolized after 3hr (Table1). When the concentration of progesterone was increased to 1g/ml and the protein concentration of the cell-free homogenates The cell-free homogenates of the theca layer were incubated with progesterone (100ng/ml for column I, and 1/ml for column II) at 40 in the presence or the absence of 268M NADPH. After 3hr of incubation, progesterone was quantified by radioimmunoassay as described in Materials and Methods.
1) meanS.E.
(n=6) Means without a common superscript differ significantly (P<0.05) from each other when analyzed by the Q method2).
of the theca layer was reduced to 72g/ml, more than 50% of progesterone was metabolized in the incubation of the cell-free homogenates of the theca layers of F2 and F3, while those of F1 did not metabolize progesterone appreciably (Table 1 ). Fig. 3 shows the time courses of the progesterone metabolism by the cell-free homogenates of the theca layers of F1 and F3. The rate of decrease of progesterone was faster in the incubation with the cell-free homogenates of the theca layer of F3 than those of F1.
In the next experiment, the cell-free homogenates of the theca layers were incubated with the granulosa cells of F1 in the presence of LH, instead of progesterone as the source of the steroid. As shown in Table 2 , the granulosa cells of F1 derived from 1 mg wet weight of the tissue produced 92ng/ml of progesterone after 3hr of incubation in the presence of LH. When the cell-free homogenates (72g protein/ml) of the theca layers and NADPH were present during incubation, progesterone contents decreased. Moreover, this decrease was more prominent in the incubation with the theca later of less matured follicles, such as F2 and F3, than that of matured follicle. No such a decrease in progesterone con-tents was observed in the incubation without NADPH.
When much concentrated cell-free homogenates (720g protein/ml) of the theca layers were added to the incubation mixture together with NADPH, the amounts of progesterone after 3hr of incubation were not decreased in the case of the theca layers of F1 and F2. Contrary, after the incubation with the cell-free homogenates of the theca layer of F1, progesterone contents increased. A slight decrease in progesterone was observed in the incubation with the cell-free homogenates of the theca layer of F3, but the degree of decrease was much smaller than in the incubation using more diluted cell-free homogenates.
The increase in progesterone contents in the presence of the cell-free homogenates of the theca layers was markedly observed in the incubation without NADPH. In this case, however, no systematic tendencies in the effects were seen among the size of follicles.
Discussion
Our observations on the in vitro progesterone production in the intact follicle wall clearly demonstrate that only the follicle wall of F1 produces progesterone in response to LH and dibutyryl cyclic AMP. This is consistent with the in vivo findings of Dol et al.2), who measured progesterone contents in the follicle wall of the Japanese quail at a 2-hr interval during the 24hr of the ovulatory cycle. They observed that progesterone contents started to increase simultaneously with the increase in serum LH concentration and reached a peak 2hr before the predicted ovulation of F1. Progesterone contents in the follicle walls of smaller follicles were always low and did not show any significant peak during the ovulatory cycle.
A similar finding has been reported in the chicken follicle1,13,14) Moreover, the experiments of measurement of progesterone contents in follicular venous plasma during the ovulatory cycle of the hen also demonstrated that a preovulatory peak of progesterone exists only in the venous plasma from F13), although a peak of LH concentration was detected in the venous plasma of each follicle.
On the other hand, experiments on the in vitro progesterone production of the isolated granulosa cells showed that the cells from smaller follicles (F2 and F3) produced signficant amounts of progesterone. However, these cells produced progesterone during 3hr of incubation without exogenous LH or dibutyryl cyclic AMP, while the cells of F1 produced comparable amounts of progesterone to the intact follicle wall did in response to LH and dibutyryl cyclic AMP. Recently, CALBO and BAHR15) reported that the adenylate cyclase activity in the chicken granulosa cells of the small follicles was enhanced by follicle-stimulating hormone (FSH). Serum FSH concentration during the ovulatory cycle of the hen showed a peak 11 to 14hr before ovulation16,17) Since the granulosa cells used in the present experiments were isolated from birds 9 to 10hr before the predicted ovulation of F1, the progesterone production in the cells of F2 and F3 during in vitro incubation without LH or dibutyryl cyclic AMP might be due to the endogenous FSH or cyclic AMP.
The reason why progesterone production was not detected in the incubation of the follicle walls of F2 and F3 in spite of the ability of the granulosa cells to produce progesterone was partly explained by the present investigation on the metabolism of progesterone in an- 
